This study was designed to identify risk factors for nosocomial infections among infants admitted into eight neonatal intensive care units in Colombia. Knowledge of modifiable risk factors could be used to guide the design of interventions to prevent the problem.
INTRODUCTION
Nosocomial infection (NI) is a major cause of morbidity and mortality in neonatal intensive care nurseries [1] [2] [3] [4] and affects the cost of medical care by increasing resource consumption and the duration of hospitalization. 5, 6 In developed countries, major risk factors for NI include: low birth weight and gestational age, respiratory disease, mechanical ventilation, use of central catheters, use of nasogastric tubes, and parenteral nutrition. [1] [2] [3] [4] 7 Thus, available data suggest that medical interventions are important risk factors for NI in neonates. The extent to which these findings apply to developing countries, in which financial resources for heath care are limited, is unclear. 8 We have studied the epidemiology of NI in eight neonatal intensive care units in Bogotá and Cali, Colombia. In an accompanying paper, 9 we describe the facilities, patient demographics, incidence rates, distribution of NI in terms of subjects' birth weight and age at diagnosis, causative organisms, and inter-institutional differences. The goal of the present study was to identify risk factors for NI. Knowledge of modifiable risk factors for NI would enable developing countries to implement interventions to decrease NI and associated complications.
METHODS

Study Population
Prospective data were collected from February 20 to August 30, 2001, on infants admitted to eight neonatal intensive care units in Colombia. Data collection and surveillance for NI are described in an accompanying paper. 9 Definitions NI was defined as the occurrence of infection after 72 hours of hospitalization (i.e., 72 hours of life), resulting in a positive culture of a sterile body fluid and subsequent treatment with antibiotics for >72 hours. Clinical suspicion of infection, followed by a negative culture, that resulted in treatment with antibiotics >72 hours was considered presumed NI and not included in the analysis.
Risk Factors
Maternal factors that were studied included: maternal age, maternal fever (oral temperature Z381C), prenatal antibiotics, prenatal steroids, duration of ruptured membranes, type of delivery (vaginal, elective caesarean section (CS), emergency CS), and group B Streptococcus colonization. Infant factors included: birth weight and gestational age, gender, mechanical ventilation, oxygen, postnatal antibiotics, catheters (central and noncentral), parenteral nutrition (with and without lipids), oral gastric tube for enteral nutrition, and exposure to postnatal dexamethasone and/or H 2 -blockers (ranitidine or cimetidine). Only risk factors that preceded the development of the first NI were included.
Statistical Analysis
In an effort to decrease error due to misclassification, infants with presumed NI (defined above) were excluded from the analysis. Infants with cultures drawn prior to 72 hours of hospitalization that became positive after 72 hours were also excluded. w 2 tests were used for comparisons with categorical variables. Odds ratios (OR) with their corresponding 95% confidence intervals (CI) were calculated for all risk factors in univariate analysis. Five multiple imputations were created for missing data, and estimates obtained from the five sets were combined using formulas for multiple imputation inferences. 10 A logistic regression model including all suspected risk factors (maternal and infant variables whether associated or not with the dependent variable in univariate analysis) for NI was then conducted to determine the independent effects of potential risk factors for NI. Only patients with a first episode of confirmed infection were included in the model. Institution was included as an independent variable, using the center with the lowest incidence rate of infection as the referent group. Data were analyzed using Statistical Analysis System Software (SAS Institute, Inc., SAS/STAT User's Guide, Version 8, Cary NC, 1999).
RESULTS
A total of 1504 patients were hospitalized >72 hours and therefore were considered at risk for developing NI. In all, 153 infants treated for presumed infection were excluded. Eight infants with positive cultures had their culture drawn prior to 72 hours of hospitalization and were also excluded from the analyses. From the remaining 1343 infants, 80 were treated for 127 episodes of NI. Table 1 shows the results of univariate analyses for maternal risk factors. Exposure to prenatal steroids, rupture of membranes >24 hours, and emergency caesarean section were significantly associated with NI. Table 2 shows the results of a univariate analysis for infant risk factors. Combined exposure to steroids and H 2 -blockers, birth weight <1000 g , exposure to a mixture of amino acids and lipids, and gestational age r31 weeks were the risk factors most strongly associated with NI. Additional significant risk factors included: mechanical ventilation (OR: 15.2, 95% CI: 9.0 to 26.2), exposure to postnatal steroids without H 2 -blockers (OR: 14.1, 95% CI: 5.5 to 33.4), use of central lines (OR: 13.6, 95% CI: 3.5 to 116.6), and use of oral gastric tubes for enteral nutrition (OR: 8.1, 95% CI: 2.8 to 22.9).
In Table 3 , we present the results of multivariate logistic regression analysis. Combined exposure to postnatal steroids and 
DISCUSSION
In an accompanying paper, 9 the incidence rate and incidence density rate of NI observed in Colombia were 8.4 and 6.2% respectively. The bloodstream was the most common site of infection, accounting for 78% of infections. Gram-negative microorganisms were more prevalent than gram-positive microorganisms (55 vs 38%), and were responsible for infections that occurred later in time compared to those resulting from grampositive microorganisms.
The present study identified several modifiable risk factors associated with NI. Receipt of postnatal steroids, H 2 -blockers, and use of oral gastric tube for enteral nutrition were the factors most strongly associated with NIs. The risk of NI associated with the combined exposure to postnatal steroids and H 2 -blockers was greater than the sum of the individual risks of these medications, and to our knowledge, has not been reported previously.
The use of H 2 -blockers has increased in the neonatal intensive care unit population as empiric therapy for gastroesophageal reflux, stress ulcer prophylaxis in postoperative patients, VLBW infants with feeding intolerance, and stress ulcer treatment in the sick infant with blood-stained oral gastric secretions. 11 Proteolytic activity of gastric fluid decreases markedly at a pH value Z4 with subsequent colonization of the stomach with gram-negative rods; this may contribute to the development of pneumonia (by aspiration of gastric content) and gram-negative sepsis. 12, 13 After increasing the gastric pH with an H 2 -blocker, in a neonatal rabbit model, Dinsmore et al.
14 demonstrated a higher incidence of bacterial translocation to the mesenteric lymph nodes, spleen, and liver. Cothran et al. 15 found that an increase in gastric pH Z4 was associated with a high colonization rate by pathogenic bacteria or yeast in both full-term and preterm human neonates. A prospective cohort study by Beck-Sague et al. 2 found that the risk of sepsis was associated with exposure to H 2 -blockers. Our results strongly support this observation.
Additional exposure to steroid therapy may result in decreased mucus secretion, further affecting the protective barrier of the stomach, and facilitating bacteremia. 16 Based on several case reports and a randomized clinical trial of early dexamethasone therapy in extremely low birth weight infants in which gastrointestinal perforations and hemorrhages were associated with the use of steroids, some authors have recommended the use of H 2 -blockers concurrently with steroid therapy to reduce these complications. 16, 17 The known immunosuppressive effects of steroids may additionally predispose immature infants to the risk of NIs. 18 It is possible that the smallest infants in our study developed a higher rate of gram-negative infections because of exposure to more steroids and H2-blockers compared to larger infants. The results of our study suggest that the decision to use H 2 -blockers and steroids, whether individually or concurrently, should be made only after careful consideration of the potential benefits and the substantial increase in the risk of infection.
Our observation that oral gastric tube feedings are a risk factor for NI concurs with a previous report. 7 Use of oral gastric tubes for enteral nutrition may produce damage to the gastric mucosa directly, disrupting a natural barrier against infection. 11, 19 The prolonged use of oral gastric tubes in some of our centers due to limitations in supplies may have facilitated colonization of the gastrointestinal tract with pathogens, as has been reported previously. 19 It is also possible that the apparent risk of feeding through an oral gastric tube results from contamination of infant formulas with pathogens during their manual preparation. Owing to the higher cost of ready-to-administer infant formulas, the majority of the participating hospitals in our study prepared formulas manually using powdered milk. 9 Although nurses used sterile gloves and face masks during the preparation of formulas, the potential for contamination secondary to human error still exists. 19 Infants treated with oxygen were at increased risk for developing NI compared to infants never treated with oxygen. Since we did not include severity of disease as an independent variable in the logistic model, it is possible that oxygen exposure may have served as a proxy for sicker infants that require more invasive procedures and longer hospitalizations, increasing their risk of developing NIs. 4 The practice of mixing amino acids with lipids in parenteral nutrition was also associated with increased risk of NI. In many developing countries lipids are mixed manually in the same bottle/ bag with amino acids and other components of parenteral nutrition. Not all institutions have automated systems or laminar flow units for their preparation. In Colombia, of the eight participating centers, five mixed lipids in the same bag with amino acids, three had automated systems for the preparation of parenteral nutrition, three prepared parenteral nutrition manually using laminar flow units and two centers prepared parenteral nutrition manually without laminar flow units. 9 Mixing amino acids with lipids may increase the risk of contamination and sepsis. Lipids have been shown to independently increase the risk of NIs, especially with coagulase-negative Staphylococcus. 20 Use of central catheters is considered a major risk factor for NI. [1] [2] [3] [4] Our results support the association of NI with the practice of mixing amino acids with lipids in parenteral nutrition, and not the use of central catheters per se, as demonstrated by Avila-figueroa et al. 20 Low birth weight and gestational age have been identified as risk factors for NI in developed countries. A surprising finding from our study was the lack of association of these risk factors with NI. This observation may be explained in part by the decreased survival of small immature infants in Colombia. 9 Their low survival may be due in part to limitations in resources for the care of sick neonates, and a high mortality secondary to respiratory complications. 9, 21, 22 The absence of association between low birth weight, immaturity, and risk of NI has been observed in other developing countries. [21] [22] [23] [24] Although, previous use of antibiotics had a protective effect against NI and may be indicated in the highest risk cohorts, the risk of developing resistant flora is a major concern that may outweigh the potential benefit of prophylactic antibiotics.
In an accompanying paper, 9 we report a high interinstitutional variation in NI incidence rates. In this paper, we demonstrated a variety of medical therapies that are associated with the risk of NI. We conclude that variation in clinical practices, either because of the requirements of the patient population or because of choices made by care providers, is the major contributor to the variation in risk between institutions. As a result of our sample size and the prevalence of most organisms, we were unable to determine associations between risk factors and site of infection or type of organism.
CONCLUSION
In summary, this study has identified important modifiable risk factors for NI in selected neonatal intensive care units in Colombia. Interventions aimed at reducing the effects of these risk factors may have the potential to decrease associated mortality, morbidity and costs of neonatal care in both developed and developing countries. The strong association between risk of NI and combined exposure to postnatal steroids and H 2 -blockers has not been reported previously and requires further investigation. We recommend caution when using these medications.
